A large number of coordination polymers with helical structures have received much attention in recent years owing to not only their intriguing architectures but also their practical applications as functional materials in catalysis chemistry, biomimetic chemistry, molecular recognition, and nonlinear optics.
1,2 In this area of research, symmetrical dipyridyl ligands consisting of two terminal pyridines with same substituted nitrogen positions have been used mainly for the synthesis of coordination polymer because of their easy preparation and the constructability of predictable coordination polymer.
On the other hand, a few of novel coordination polymers based on unsymmetrical dipyridyl ligands composed of two terminal pyridines with different substituted nitrogen positions were reported.
2,3 Especially, the unsymmetrical dipyridyl ligand with 2-and 3-pyridyl terminal groups exhibit a tendency to form helical coordination polymers 2 or metallomacrocyclic compounds 3 through the reaction of Ag(I) ion with linear geometry. We and Gao groups reported some helical frameworks constructed by the reaction of silver salts with unsymmetrical dipyridyl ligands. 2a,b In extending this work on interesting helical Ag(I) coordination polymers, N-(pyridine-2-ylmethyl)pyridine-3-amine (L) as an unsymmetrical dipyridyl ligand was prepared according to the previously reported method. 4 The reaction of Ag(I) ion with the unsymmetrical ligand L afforded a Ag(I) coordination polymer (1) with an intriguing infinite helical framework made up of looped-chain. Herein we report crystal structure and physical properties of 1.
Pale yellow crystalline product of formula {[Ag(L) 2 ]·BF 4 } n (1) suitable for X-ray analysis were obtained by vapor diffusion of diethyl ether into the DMSO solution of the white precipitate afforded by the reaction of silver(I) tetrafluoroborate with L in the molar ratio 1:1 in methanol. The IR spectrum of the product 1 displays the characteristic broad band of uncoordinated tetrafluoroborate anion at 1061 cm −1 ( Figure S1 in Supporting Information). The product 1 crystallized in an orthorhombic system with space group Ibca and Z = 8. Crystallographic data including experimental details and refinement results for 1 is listed in Table 1 . Selected geometric parameters relevant to the coordination geometry presented in Table 2 and the X-ray crystal structure of 1 is depicted in Figure 1 .
The asymmetric unit of 1 contains one molecule of L, a half of Ag(I) atom located on a twofold rotation axis, and a half of tetrafluoroborate anion located on a twofold rotation axis. The crystallographic analysis reveals that each silver(I) atom in 1 is four-coordinate, being bound to four pyridine nitrogen atoms from four different L ligands, adopting distorted tetrahedral, with the tetrahedral angles falling in the range of 89.11(12)-122.05 (7) o (Figure 1(a) ). The skeletal structure of 1 is composed of Ag(I) ions and the unsymmetrical ligand L in a 1:2 molar ratio. Two symmetry-related ligands link two Ag(I) ions to form a 16- membered metallomacrocycle, in which a Ag···Ag separation is 6.7959(3) Å (Figure 1(a) ). The metallomacrocycles are linked by the Ag centers to give a looped-chain 1D coordination polymer. The fascinating feature is that the looped-chain of 1 exhibits a helical framework caused by twofold screw-axis along the a axis (Figure 1(b) ). Each turn in helical looped-chain consists of two loops and the helical pitch is 11.5685(4) Å. This helical looped-chain structure of 1 is comparable with the single-stranded helical structure 2a of the perchlorate containing Ag(I) coordination polymers with same unsymmetrical ligand L reported previously. Such structural difference could be ascribed to the anion effect. To the best of our knowledge, the topology of the helical looped-chain in Ag(I) coordination chemistry is the first structurally characterized example. As shown in Figure 1 (c), right-and left-handed helical looped-chains are alternately arrayed via π···π stacking interactions between parallel N1-conatining pyridine rings of L ligands with the centroid-to-centroid distance being 3.87 Å, 5 resulting in the formation of a two-dimensional supramolecular network extending parallel to the ab plane. Furthermore, the 2D networks interact with the non-coordinating BF 4 − anions via intermolecular N-H···F hydrogen-bonds (N3···F1 2.881(3) Å, Table S2 in Supporting Information). These interactions lead to the construction of a threedimensional supramolecular network.
The thermal behavior of the coordination polymer 1 was monitored by thermogravimetric analysis (TGA) ( Figure S2 in Supporting Information). TGA curve shows that 1 is stable up to 182 o C and then gradually decomposes. Finally, the remnants are 41.02%, which should be Ag 2 O (calcd. 40.67%). The thermal stability of 1 may be derived from the intermolecular π···π interaction and N-H···F hydrogen-bonds mentioned above.
Solid-state photoluminescence properties of coordination polymers 1 and the free ligand have also been investigated at room temperature (Figure 2 ). The free ligand was found to be non-emissive. In contrast, the coordination polymer 1 exhibits a fluorescent emission band with maximum at 367 nm upon excitation at 330 nm. The emission of 1 can be assigned to the metal-to-ligand charge transfer (MLCT). In summary, an air-stable Ag(I) coordination polymer {[Ag(L) 2 ]·BF 4 } n (1) based on unsymmetrical ligand L has been prepared and structurally characterized. The coordination polymer 1 adopts an unusual 1-D helical loopedchain topology. The photophysical property of 1 shows that the nature of emission can be attributed to the metal-toligand charge transfer. Further investigation on the synthesis, crystal structures and physical properties of novel coordination polymers using unsymmetrical ligands is underway.
Experimental
All chemicals were of analytical regent grade and used without further purification. The IR spectra were recorded on a VERTEX 80v FT-IR spectrometer with KBr pellet in the range 4000-400 cm −1
. Elemental analysis was carried out on a CHNS-932 elemental analyzer. Thermogravimetric analysis (TGA) was performed under nitrogen on a SDT Q600 thermogravimetric analyzer. The sample was heated using a 10 o C/min heating rate from 25 to 800 o C. The solidstate excitation and emission spectra were performed on a RF-5301 spectrophotometer.
Preparation of N-(Pyridine-2-ylmethyl)pyridine-3-amine (L). L was synthesized according to literature procedure. , 46.76; H, 3.92; N, 14.87. Found: C, 46.85; H, 3.67; N, 14.58 . IR (KBr pellet, cm −1 ): 3371, 3114, 3072, 2885 3371, 3114, 3072, , 1604 3371, 3114, 3072, , 1585 3371, 3114, 3072, , 1487 3371, 3114, 3072, , 1440 3371, 3114, 3072, , 1423 3371, 3114, 3072, , 1375 3371, 3114, 3072, , 1296 3371, 3114, 3072, , 1259 3371, 3114, 3072, , 1199 3371, 3114, 3072, , 1061 .
X-ray Crystallography: Single crystal diffraction data of 1 was collected on a Bruker Smart diffractometer equipped with a graphite monochromated Mo Kα (λ = 0.71073 Å) radiation source and a CCD detector. The 45 frames of two dimensional diffraction images were collected and processed to obtain the cell parameters and orientation matrix. Decay was monitored by 50 standard data frames measured at the beginning and end of data collection. The crystal showed no significant decay. The frame data were processed to give structure factors using the SAINT. 7 The structure was solved by direct methods and refined by full matrix least squares methods on F 2 for all data using SHELXTL software. 8 The non-hydrogen atoms were refined anisotropically. All hydrogen atoms except that of amine were placed in calculated positions and refined with a riding model. The H atom of amine was located from difference Fourier map and refined with riding constraints. Crystallographic data and structural refinement data for compounds 1 is summarized in Table 1 
